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Description

The present invention relates to an advanced exposure apparatus and an exposure method using the same, and,
more particularly, to an illumination system which combines a quadrupole illumination system and an annular illumina-
tion system.

When the design rule of a semiconductor device becomes less than 0.35um, conventional exposure technology
using an i-line cannot satisfy the resolution and depth-of-focus requirements for fine pattern formation of the semicon-
ductor device, making it very difficult both to develop a product and to assure mass-production. Various lithography
technologies are thus used, which include patterning technology using an advanced exposure apparatus. However, in
attempting line pattern formation on a photo sensitive film doped on a stepped structure, a conventional advanced
exposure apparatus forms an incomplete line pattern. Furthermore, a proximity effect is generated, whereby the reso-
lutions are different at the center and edges of a formed ling; i.e., low resolution results along the edge portion. Most
particularly, a contact hole cannot be properly formed by the conventional advanced exposure apparatus.

In the conventional advanced exposure apparatus, because zero-order and +1st-order diffracted beams are used,
the resolution and depth-of-focus of exposure apparatus is improved. Theoretically, the resolution of the conventional
advanced exposure apparatus is 50% higher than the conventional exposure apparatus, given the same light wave-
length () and numerical aperture (NA).

A conventional exposure apparatus including a fly's eye lens, a condenser lens, and a filter between the lenses, and
an exposure method using the same, will be explained in detail with reference to Figs. 1-4.

Fig. 1 shows a conventional exposure apparatus whose structure includes a fly's eye lens 4a, a filter 4b, a con-
denser lens 4¢ having a focal distance f, a mask pattern 4d and a projection lens 4e. In an illumination method using
such an exposure apparatus, after light irradiated from a light source (not shown) passes through lens 4a, the light is
limited by filter 4b: filter 4b coincides with a Fourier transform plane of mask pattern 4d via condenser lens 4c.

According to the method of Fig. 1, a zero-order (0) diffracted beam of illuminated light on the Fourier transform
plane is incident on projection lens 4e vertically, and +1st and -1st order diffracted beams (-1 and +1) are incident on
projection lens 4e with an angle of 6, (tilted component) as shown in Fig. 1. Accordingly, zero-order, +1st and -1st order
diffracted light interfere on a wafer 41, thereby to reform the intensity distribution of the incident light. As shown in Fig.
7, the light intensity distribution on wafer 4f is a discontinuous distribution, in which a maximum point of light intensity
and a minimum point with zero light intensity are clearly distinguished. In Fig. 7, a reference number 10 indicates the
wafer.

In Fig. 1, the finer is mask pattern 4d, the more the diffraction angle 6, increases. Accordingly, if sin6 . is greater
than the NA, non zero-order diffracted light deviates from projection lens 4e, and only the zero-order diffracted light
passes through projection lens 4e to arrive at wafer 4f and no interference occurs. At this time, the minimum resolution
becomes R=A/2NA , where X denotes the wavelength of incident light and NA denotes the numerical aperture.

Figs. 2 and 3 show a quadrupole filter and an annular filter used in the conventional advanced exposure apparatus,
respectively.

Fig. 4 shows a conventional advanced exposure apparatus using a filter 5b which is different from filter 4b used in
the conventional exposure apparatus. While the exposure portion of filter 4b is a central portion of condenser lens 4¢ in
the conventional exposure apparatus, the illumination portion of filter Sb is formed on the edge portion of condenser
lens 5¢ in the conventional advanced exposure apparatus. Accordingly, the light radiated from fly's eye lens 5a is inci-
dent on the edge of the lens, initially in parallel with the optical axis of condenser lens 5¢. However, on passing through
the edge of condenser lens 5c¢, the light is refracted by condenser lens 5c¢ to be incident on mask pattern 5d at an angle
of 0, with respect to the optical axis of condenser lens 5c. The angle of diffraction of the light incident on mask pattern
5d is determined by the interval of the pattern. Since the NA of mask pattern 5d is greater than sin26,, higher order dif-
fracted light not less than -1th order deviates from projection lens 5e, and only zero-order and 1st diffracted light passes
through projection lens 5e to arrive at wafer 5f and interfere, resulting in the reformation of an optical energy distribution.
As shown in Fig. 8, such a reformed light intensity distribution on the wafer is a continuous distribution but the light inten-
sity between maximum point and minimum point is negligible. In the Fig. 8, reference number 20 represents wafer 5f.
The light intensity distribution by the conventional advanced exposure apparatus is generally non-uniform on the wafer.

Since zero-order and +1st order light are uniformly distributed in the neighborhood of the center of projection lens
5e in Fig. 4, phase changes due to defocusing are identical in zero-order and +1st order light and thus there is no phase
change to provide a greater depth-of-focus than is obtained by the conventional exposure apparatus. At this time, the
resolution becomes R=A/{2(NA+sin6,)}, and with the expectation of a five times enlargement for the projection, if
sin0 =NA/2, the resolution limit of wafer 5f becomes
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and provides a resolution which is 1.5 times the resolution of the conventional exposure apparatus.

As fully described above, in the conventional quadrupole illumination system, the area of the exposure portion of
the filter is much smaller than that in stopping down the light of the filter. Accordingly, the exposure time lengthens.

As described above, since the conventional advanced exposure apparatus stops down the part of the light by the
filter, the amount of exposure is too small at the time of the advanced exposure, and thus there is a marked increase in
exposure time, the illumination apparatus malfunctions and the uniformity of the light intensity distribution lowers. Also,
since the light intensity distribution is not uniform on an image formation plane in the conventional advanced exposure
apparatus, a considerable amount of the information carried by the light passing through the edge of the mask pattern
is lost. Accordingly, a contact hole pattern cannot be formed properly by the conventional advanced exposure appara-
tus. It is very hard to apply the conventional advanced apparatus to a production field due to asymmetry and the reduc-
tion of an edge line and the interval difference between the edge line and the central line of a line pattern because of
the proximity effect, to scum generation because of the incomplete removal of photoresist and the formation of an asym-
metrical V-shaped notch between lines, and to the degradation of a tilted line and an isolated pattern.

Itis an object of the present invention to solve the above problems and to provide an advanced exposure apparatus
with a combined filter capable of forming a uniform light intensity distribution while the light intensity is maximized in an
image formation region.

It is another object of the present invention to provide a method using the advanced exposure apparatus.

To accomplish the above object, there is provided an advanced exposure apparatus of the present invention com-
prising: a light source; an adjusting portion comprising a filter to limit the light emitted from said light source portion; a
refractive/diffractive portion for refracting and diffracting the light emitted from said adjusting portion; and a focussing
portion for focussing the light emitted from said refractive/diffractive portion onto a wafer, wherein said filter is provided
with the first group holes and the second group holes that size of holes is same but distance from center of the filter
differs one another. Here, the first and the second group holes are consisted of four holes respectively. Therefore the
filter has eight exposure holes

Also, the light source portion is a fly's eye lens and the adjusting portion is a filter formed by combining a conven-
tional quadrupole filter and an annular filter. The means for refracting the light emitted from the adjusting portion is a
condenser lens and the diffracting means is a mask pattern. The condensing portion is a projection lens.

To accomplish the other object, there is provided an exposure method by the advanced exposure apparatus of the
present invention including the steps of: generating near-off axis light and far-off axis light; making the light be obliquely
incident to the mask pattern; and focussing the light emitted from the mask pattern onto the wafer.

Here, the near-off axis light and far-off axis light are both generated by the above filter of the advanced exposure
apparatus.

Since a filter of advanced exposure apparatus by the present invention has two off-axis illumination regions. The
filter has the same effect as associating a quadrupole filter and annular filter by conventional technology. Therefore, res-
olution of the advanced exposure apparatus by the present invention is higher than that of a conventional exposure
appartus. Also, light intensity becomes uniform on the image formation plane.

Specific embodiments of the present invention are described in detail below, by way of example, with reference to
the attached drawings, in which:

Fig. 1 shows a conventional exposure apparatus;

Figs. 2 and 3 respectively show a quadrupole filter and an annular filter for use in conventional advanced exposure
apparatus;

Fig. 4 shows a conventional advanced exposure apparatus including a quadrupole or an annular filter;

Fig. 5 shows a filter used in an advanced exposure apparatus of the present invention;

Fig. 6 shows the advanced exposure apparatus according to the present invention;

Fig. 7 and 8 show the exposure intensity distribution of the prior art;

Figs. 9 shows the exposure intensity distribution of the present invention;

Figs. 10-12 are SEM photographs of a contact hole formed by the advanced exposure apparatus of the prior art;
Fig. 13 is a SEM photograph of a contact hole formed by the advanced exposure apparatus of the present inven-
tion.

Fig. 6 shows an advanced exposure apparatus according to the present invention. The advanced exposure appa-
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ratus of the present invention includes a fly's eye lens 6a for producing collimated light from light coming from a light
source, a filter 6b for limiting the light coming from fly's eye lens 6a, a condenser lens 6¢ with a focal distance of f for
refraction at angles (®4, and ®,,) with respect to optical axis 3 of the light coming from filter 6b, a mask pattern éd for
diffracting the light coming from condenser lens 6¢ and a projection lens 6e for focusing the light diffracted by mask pat-
tern 6d on a wafer 6f.

The filter 6b comprise eight exposure holes (see Fig. 5). According to geometric array, the eight holes are divided
into two groups of holes, that is, the first group holes (H3, H4, H5, H6) and the second group holes (H1, H2, H7, H8).
There are four holes in the first group and four holes in the second group. The four first group holes are formed at a
constant distance(hereinafter called the first distance) from the center of the filter and disposed at a fixed angle to each
another. The four second group holes are formed at a greater distance(hereinafter called the second distance) than that
of the four first group holes from the center of the filter. And, as for the first group holes, the four second group holes are
disposed at a fixed angle to each another. The first and the second group holes are of the same form, and the holes are
of the same size.

An exposure method employing the advanced exposure apparatus of the present invention will be explained here-
inafter. Far off axis light 2 and near off axis light 1 are made incident on mask pattern 6d by condenser lens 6¢, and are
incident with angles of &4, and @, respectively with respect to optical axis 3 of condenser lens 6c. Incident light beams
1 and 2 are diffracted by mask pattern 6d to produce two zero-order, two +1st order and two -1st order light beams 0,
1 and -1. The two -1st order light beams are diffracted with angles of 84,, and 05,,, with respect to optical axis 3, thereby
to deviate from projection lens 6e. Only two zero-order and two +1st order light beams 0 and 1 are incident upon pro-
jection lens 6e. The incident condition is then as follows: the two zero-order beams 0 are incident on projection lens 6e
with angles of &4, and @, respectively, with respect to optical axis 3; the two +1st order light beams 1 are incident on
projection lens 6e with angles of 84,,,, and 05, respectively, with respect to optical axis 3, an image of mask pattern 6d
is formed at an image formation plane by projection lens 6e: that is, the image of mask pattern 6d is formed on wafer
6f. The resolutions R1 for near axis light (1) and R2 for far axis light (2) can be expressed by the following equations.

A

At = 2(NA +sin® )
A

Rz = 2(NA Asin® ,,)

The main equation of the two equations above for determining a resolution limit is R2. Accordingly, it is possible to
obtain a resolution greater than the resolution limit for a conventional advanced exposure apparatus by maximizing the
light's angle of incidence with respect to mask pattern 6d.

The advanced exposure apparatus of an embodiment of the present invention uses filter 6b, which has more expo-
sure holes than a conventional quadrupole filter, and thus provides a light intensity distribution which is more uniform
than that which can be formed on wafer by prior art means.

If the wavelength of the light passing through the filter 6b is A, the light intensity distribution on wafer 6f is deter-
mined by the following equations.

dnSin 012 = m)\ o o (1)
d,;3sin 6,; = mA o (2)
d']asin 078 = m)\ o . (28)

Here, d;; denotes the distance between selected two holes i and j of the eight holes of the filter(see Fig. 5), where i#,
i={1,2,..., 8}and j={1, 2...., 8}, and 6; denotes the angle between two light beams coming from the two holes Hi and Hj
of the eight holes. Referring to above equations, the condition that the light intensity reaches a maximum on wafer 6f is
thatm =1, 2, 3+ « . Accordingly, the probability that the light intensity at a random point on wafer 6f becomes maxi-
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mum is 1/228, Likewise, the condition that the light intensity reaches a minimum on wafer 6f is when m = M/2 , where
M is odd number(1, 3, 5, 7,...). Accordingly the probability that the light intensity at a random point on wafer 6f reaches
a minimum is 1/228, which is the same probability as that of reaching a maximum.

Since the diffractive light of other wavelengths is formed between the maximum and minimum points of the intensity
of the diffractive light on wafer 6f, the distribution of the intensity of the diffractive light on wafer 6f is continuous. Accord-
ingly, in the present invention, uniform light intensity distribution over a range considerably wider than that of the con-
ventional advanced exposure apparatus is formed on an image formation plane (wafer 6f). Consequently, although the
light intensity of the present invention is slightly lower than that of the conventional advanced exposure apparatus, the
uniformity of the light intensity distribution is much greater. Also, the light passing through the center and edge of mask
pattern 6d has uniform information for forming an image. Accordingly, even in the case of forming a contact hole pattern,
the shape of the contact hole can be very nearly circular. Also, most of the problems generated by proximity effects can
be solved.

Fig. 9 shows the distribution of the exposure intensity on wafer 94 by the present invention. With reference to Fig.
9 the light intensity distribution exists even in the region corresponding to the minimum point where the light intensity
was zero in the conventional advanced exposure apparatus. The difference between maximum and minimum of the
light intensity on the wafer achieved by the embodiment of the present invention is smaller than that achieved for the
prior art. Consequently, the light intensity distribution achieved by an exposure method using the advanced exposure
apparatus of the present invention is considerably more uniform than that achieved by an exposure method using the
conventional advanced exposure apparatus.

Figs. 10-12 and Fig. 13 are SEM photographs of the contact hole formed by the advanced exposure apparatus of
the prior art and of an embodiment of the present invention, respectively. In Figs. 10 and 11, the shape of the contact
hole (the central black portion) is somewhat triangular, and, as shown in Fig. 12, the shape is rather elliptical. In Fig. 13,
on the other hand, the contact hole formed by the present invention is very nearly circular in shape.

This results as a filter of the embodiment of the advanced exposure apparatus according to the present invention
has two off-axis exposure regions. This filter has the same effect as that of associating a quadrupole filter and an annu-
lar filter in conventional technology. Therefore, the resolution of the advanced exposure apparatus according to embod-
iments of the present invention is higher than that of a conventional exposure apparatus. Also, a uniform light intensity
distribution can be formed in the image formation plane. Moreover, image formation information of the light passing
through the mask pattern approaches uniformity, thereby enabling formation of a contact hole pattern of a nearly circu-
lar shape and reducing the proximity effect.

The present invention is not limited to the above embodiment and many alterations can be made by those of ordi-
nary skill of the prior art by employment of the technical ideas of the present invention.

Claims
1. Anadvanced exposure apparatus comprising:

a light source;

an adjusting portion comprising a filter (6b) to limit the light emitted from said light source portion;

a refractive/diffractive portion (6¢,6d) for refracting and diffracting the light emitted from said adjusting portion
(6b); and

a focusing portion (6e) for focusing the light emitted from said refractive/diffractive portion onto a wafer (6f),

wherein said filter is provided with a first group of holes and a second group of holes, wherein the size of
holes in each group is same but the distance from the center of the filter differs between the holes of the first group
and the holes of the second group.

2. Anadvanced exposure apparatus according to claim 1, wherein said filter is formed by combination of a quadrupole
filter and an annular filter.

3. Anadvanced exposure apparatus according to claim 1 or 2, wherein said first group and said second group of holes
are each provided with four holes.

4. An advanced exposure apparatus according to claim 3, wherein for each group said four holes are located with a
constant angular relationship to each other.

5. An advanced exposure apparature according to claim 1, wherein said the first group of holes are holes formed at
a first distance from the center of said filter and the second group of holes are holes formed at a second distance
from the center of said filter.
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An advanced exposure apparatus according to claim 5, wherein said second distance is further than said first dis-
tance.

An exposure method using an advanced exposure apparatus comprising the steps of:

generating one or more near off-axis light beams and one or more far off-axis light beams from light radiated
from a light source;

bringing said near off-axis and far off-axis light beams into oblique incidence on a mask pattern; and

focusing the light emitted from said mask pattern on to a wafer.

An exposure method using an advanced exposure apparatus according to claim 7, wherein said near off-axis light
and said far off-axis light are formed by using a filter with a first group of four holes and a second group of four holes.

An exposure method using an advanced exposure apparatus according to claim 8, wherein said filter is formed by
combining a quadrupole filter and an annular filter.

An exposure method as claimed in claim 7 and using an advanced exposure apparatus as claimed in any of claims
1to 6.
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FIG.4(PRIOR ART)
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FIG.7(PRIOR ART)
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FIG.10(PRIOR ART)
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